Lightning performance of grounding electrode is one of the most important lightning-protection features of power distribution lines. It is well known that ground resistance has current-dependent characteristic due to soil ionization. Moreover, it also has timedependent characteristic. But especially transient behavior has not been represented by EMTP models well because its mechanism is not cleared.
In order to clarify transient behaviors of the grounding electrode, experiments were conducted with full-scale grounding systems in different types of ground field: a high resistivity and a low resistivity field.
In this study, the paper describes a grounding electrode model that can be easily used in the EMTP analysis. The proposed model is composed of distributed constant circuit and non-linear resistance (See Fig. 1 ). The former simulates time-dependent characteristic and the latter does current-dependent characteristic. That makes it possible to consider the transient behavior of the grounding electrode. And the model is verified by comparing calculated results using it with the experimental results. The calculated results agree with the experiment results well despite the difference of distributed constant: relative permittivery (See Fig. 2 ). These results suggest that time-dependent characteristic depends on the relativity of the surge impedance (Z) of a grounding electrode and the grounding resistance (R). Specifically, grounding resistance shows capacitive variation in the case of Z < R. On the other hand, it shows inductive in the case of Z > R. These characteristics give a reason why grounding resistance tends to be capacitive in a high resistivity ground and to be inductive in a low resistivity one. This theory explains mechanism of time-dependent characteristic that was observed in the tests. Lightning performance of grounding electrode is one of the most important lightning-protection features of power distribution lines. It is well known that ground resistance has current-dependent characteristic due to soil ionization. Moreover, it also has time-dependent characteristic. But especially transient behavior has not been represented by EMTP models well because its mechanism is not cleared.
In order to clarify the transient behaviors of the grounding electrode, experiments were conducted with full-scale grounding systems. In this study, the paper describes a grounding electrode model that can be easily used in the EMTP analysis. The proposed model considers both current-dependent and time-dependent characteristics. It is verified by comparing calculated results with the experimental results. (1) (2) (6) • ε r = 10 40 70 3
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